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h i g h l i g h t s
� The catalytic dealumination process can change the strength of zeolite Y catalyst acid.
� Dealumination variables such as acid concentration, temperature and time of dealumination affect the surface acidity of Zeolite Y.
� The strength of the catalyst acid can increase the yield of Glycerol Monostearate.
� Statistica software can be used to determine the optimum conditions of dealumination zeolite.
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a b s t r a c t

Research on the production of Glycerol Monostearate from glycerol using dealuminated Zeolite Y cata-
lysts has been carried out. Optimization of the dealumination process is conducted using the help of
statistical software 10, where the variables used are acid concentration (5e7 M), temperature of deal-
umination (55e70 �C) and time of dealumination (2e6 h). The acidity characterization test of deal-
uminated Zeolite Y using ammonia and pyridine solution. Glycerol Monostearate yield was obtained by
GC-MS test that was carried out on 2 samples zeolite Y catalyst with the highest value of total and surface
acidity of zeolite Y which produced 2.18% and 4% yield of Glycerol Monostearate. The two samples
showed that the greater the acidity, the GMS yield was also greater. Compared to previous studies it was
found that ZSM-5 catalyst has a higher acidity value than zeolite Y so that the yield of Glycerol Mono-
stearate is higher with the use of ZSM-5 than Zeolite Y.

© 2020 Published by Elsevier Ltd.
1. Introduction

Increase in population growth causing increase in fuel con-
sumption too, especially fossil fuels. Biodiesel is a renewable
alternative energy that can be used to replace fossil fuels that are
low in pollution. This has caused a massive increase in biodiesel
production. This biodiesel manufacturing process produces two
main results, namely methylester and glycerol. Glycerol, in other
words propane-1,2,3-triol at room temperature in the form of
liquid has a clear color like water, thick, hygroscopic with a sweet
taste. One of the glycerol derivatives is glycerol monostearate and
622476480675.
.ac.id (D.D. Anggoro), hera.
gmail.com (S.B. Sasongko),
has uses as an emulsifier in the food, pharmaceutical, and cosmetics
industries. Glycerol monostearate is produced from the esterifica-
tion process which reacts glycerol with stearic acid.

In the glycerol monostearate production used catalyst that
serves to speed up the reaction and increase the yield of glycerol
monostearate. The catalyst is a chemical that can increase the rate
of reaction and is involved in chemical reactions even though the
substance does not react. Catalysts can be divided into 3 parts,
homogeneous catalysts, heterogeneous catalysts, enzyme catalysts
(Istadi, 2011). One type of catalyst used in the manufacture of
glycerol monostearate is zeolite.

The resulting synthetic zeolite catalyst sometimes does not
meet specifications to be used as a catalyst in accelerating the re-
action rate. Therefore, the catalyst characterization process is
needed to change the properties of the catalyst in accordance with
the required specifications (Wang et al., 2015). One of the catalyst
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Table 1
Dealuminated zeolite Y catalyst acid analysis results.

Sample Dealumination Variables Acidity
(mmol/g)

Acid Concentration
(M)

Temp
(0C)

Time
(h)

Total Surface

1 3 40 2 0.0039 0.0006
2 3 40 5 0.0251 0.0007
3 3 60 2 0.0075 0.0013
4 3 60 5 0.0101 0.0015
5 7 40 2 0.0074 0.0012
6 7 40 5 0.0095 0.0017
7 7 60 2 0.0131 0.0015
8 7 60 5 0.0109 0.0013
9 5 50 3.5 0.0110 0.0012
10 1.4 50 3.5 0.0103 0.0008
11 8.5 50 3.5 0.0272 0.0016
12 5 32.3 3.5 0.0067 0.0009
13 5 67.6 3.5 0.0079 0.0008
14 5 50 0.8 0.0097 0.0009
15 5 50 6.1 0.0094 0.0011
16 5 50 3.5 0.0098 0.0012
Without

dealumination
0.0021 0.0004
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characterization processes is dealumination. Dealumination is the
process of removing metals found in a zeolite, one of which is by
using an acid solution. The dealumination method is very impor-
tant to improve the characteristics of the catalyst and increase
acidity. The advantage of the dealumination method is that it does
not require sophisticated equipment, as well as products that are
soluble in water (Borges and Macedo, 2016).

Previous research by Anggoro et al. (2019) carried out synthesis
of glycerol monostearate from glycerol and stearic acid as the main
material with the help of ZSM-5 as a catalyst. ZSM-5 catalyst was
dealuminated in order to increase the surface area of the catalyst.
The acidity of a catalyst is defined as the ability of a catalyst to
adsorb bases which can be adjusted by modifying Si/Al ratio. The
optimum conditions with 7 M acid concentration variable, tem-
perature 60 �C, and dealumination time of catalyst for 2 h resulted a
glycerol monostearate yield of 21.07%. (Anggoro et al., 2019).

This research carried out the effect of acidity of zeolite Y on
Glycerol Monostearate yield. This study uses three stages, namely
the process of chemical treatment/dealumination, washing, drying/
calcination process. The variable that we will use in this deal-
umination process is the temperature, stirring time and H2SO4

normality. This research is expected get the optimal operating
conditions of the dealumination process on the zeolite catalyst.

2. Materials and methods

2.1. Dealumination process

This experiment was held in Process Laboratory, Chemical En-
gineering, Diponegoro University. Zeolite Y was obtained from
Zeolyst International, H2SO4 solution used was Merck. Deal-
umination process was prepared by dissolving H2SO4 solution
(variables: 7e9 M) in 25 ml of distilled water then mixed with 10 g
of Zeolite Y. After that dried with a temperature of 110 �C for 1 h.
Then, calcinate in the temperature range of 500e600 �C for 4 h.
Zeolite Y then tested for its acidity to obtain the best operating
conditions to produce a Zeolite Y catalyst to obtain glycerol mon-
ostearate with the highest yield.

2.2. Acidity characterization

The acidity characterization test is carried out by weighing 1
sample layer in 6 containers of the sameweight. The bases used are
ammonia and pyridine. Then contact the base with the sample in
the desiccator. Weigh the weight per day to a constant weight
(Trisunaryanti et al., 2010).

2.3. GC-MS analysis

GC-MS analysis will be carried out to determine the molecular
weight of the resulting Glycerol Monostearate compound, and to
show the purity of the Glycerol Monostearate using dealuminated
Zeolite Y catalyst (Anggoro et al., 2019).

2.4. Experimental design

Experimental design of glycerol monostearate synthesis using
dealuminated zeolite Y catalyst was done by determining impor-
tant parameters such as concentration of acid, dealumination
temperature and dealumination time. These parameters were
chosen because they are considered the most important in the
dealumination process. Experimental matrix design (experimental
design/DOE) uses central composite design by response surface
methodology. Experimental Design (DOE) was designed in a
number of 16 trial runs consisting of 8 factorial points (1-8), 6 axial
points (9-14), and 2 repetitions at the center point (15,16). The
second-order model was created to test the interaction of inde-
pendent variables on response. The basis for the formation of the
polynomial equation is shown in equation (1), where Y is the
response, b0 is the intercept, b1 is a linear coefficient, bii is the
quadratic coefficient, bij is the interaction coefficient, and XiXj is the
independent variable (Sing, 2019).

Y¼ b0 þ
X3
i¼1

bi Xi þ
X3
i¼1

bii X
2
i þ……

X
i< j

bij XiXj (1)
3. Results

In this study, Zeolite Y was used as a catalyst and was deal-
uminated with sulfuric acid (H2SO4) solution which using variables
such as acid concentration, temperature and time of deal-
umination, and then characterized the zeolite Y. The characteriza-
tion test including the acidity of dealuminated Zeolite Y using
ammonia and pyridine solution. The results of the acidity analysis
of the dealuminated Zeolite Y are listed in Table 1.

Determination of acidity is done by absorption of ammonia and
also the absorption of pyridinewhich are alkaline, by zeoliteswhich
have acidic sites in their structure. Therefore the zeolite acidity is
expressed in addition to the amount of ammonia per gram of
catalyst per mmol as well as the amount of pyridine per gram of
catalyst. It appears that the acidity expressed as mmol ammonia is
always greater than the acidity of pyridine. Ammonia (NH3) mo-
lecular size is relatively smaller than the size of the zeolite cavity,
allowing it to enter the cavity and reach existing acidic sites. So
ammonia interacts not onlywith acidic sites on the surface, but also
with acidic sites in the cavity. Therefore, this acidity is also called
total acidity.

Meanwhile, pyridine size is much larger so that it cannot enter
the zeolite cavity. As a result, this molecule only reaches the acidic
sites on the surface. The difference in acidity between total acidity
and surface acidity can be expressed as the zeolite cavity acidity
(Trisunaryanti et al., 2010). The total acidity and acidity of the cavity
can be calculated using the following equations:



Fig. 1. 3D Optimization Chart of Acid Concentration vs Dealumination Temperature.
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total acidity
�
mmol
g

�
¼ WNH3 ðgÞ
MWNH3 ð g

molÞ xW sample ðgÞx1000
mmol
mol

(2)

surface acidity
�
mmol
g

�
¼ W Pyridine ðgÞ
MW Pyridine ð g

molÞ x W sample ðgÞ

x 1000
mmol
mol

(3)

surface acidity
�
mmol
g

�
¼ W Pyridine ðgÞ

MW Pyridine ð g
molÞ x W sample ðgÞ

x 1000
mmol
mol

(4)
Fig. 2. Contour of Acid vs. Dea
Figs. 1 and 2 show the interaction of H2SO4 concentration and
dealumination temperature with the resulting surface acidity. The
higher concentration of H2SO4 will increase the acidity of deal-
uminated Zeolite Y. It can be seen in the graph, that 8.53 M H2SO4
concentrations have higher acidity compared to 1.47 M H2SO4
concentrations and 5 M H2SO4 concentrations. This is because the
greater the concentration of H2SO4, the aluminum metal released
from zeolite more and more, causing an increase in the ratio of Si/
Al. A high ratio of silica and aluminum causes the adsorption ability
to increase (Satterfield, 1991). In this study the optimum conditions
occur in dark red areas, with an acid concentration of 7 M - 9 M and
a dealumination temperature of 55e70 �C.

Figs. 3 and 4 show the interaction between temperature and
dealumination time on the % yield of Glycerol Mono Stearate pro-
duced. The higher the temperature of the dealumination will in-
crease the acidity of the dealuminated Zeolite Y. It was proven that
at 50 �C the acidity was greater than 32.2 �C. This was caused by the
lumination temperature.



Fig. 3. 3D Optimization Chart of Temperature vs Time of Dealumination.

Fig. 4. Contour Graph of Temperature vs. Time of Dealumination.
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greater of the dealumination temperature, the crystallinity of the
catalyst increased. The catalyst crystallinity is the degree of ability
of the crystal side to maintain its crystal structure (Hamdan, 1992).

But at higher temperatures, the framework will become
damaged and changes in the structure of zeolites, which cause the
crystallinity of Zeolite Y will decrease (Bagas et al, 2017), so that the
acidity level of zeolites decreases. It can be seen in the graph that
with the addition of temperature to 67.6 �C the acidity obtained is
lower than the temperature of 50 �C.
Figs. 5 and 6 show the interaction between acid concentration

and dealumination timewith the resulting acidity. In this study, the
optimum conditions occur in dark red areas. With a concentration
of 7e9M and 2e5 h of dealumination time. it shows that the longer
the dealumination is, the acidity increases. It was proven that at
0.85 h there was a lower acidity compared to 3.5 h. This is because
the longer the dealumination process causes the Si/Al ratio. An



Fig. 5. 3D Optimization Chart of Acid Concentration vs Time of Dealumination.

Fig. 6. Contour Graph of Acid Concentration vs. Time of Dealumination.
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increase in the Si/Al ratio causes a framework change from zeolites.
Changes in the zeolite framework will cause changes in the pores of
zeolites which will cause changes in the surface area. Acid treat-
ment will increase the surface area, this is in accordance with the
results of research by Boveri et al. (2006) and Chung (2008).

But if the dealumination time is increased, the silica and
aluminum compounds will dissolve. From the graph it can be seen,
at a time of 6.2 h the acidity is lower than the time of 3.5 h. This is
due to the longer time the dealumination of the silica component
also dissolves, so the Si content becomes smaller. This causes the
value of the Si/Al ratio decreases which results in smaller pore
surface area (Widayat, 2010).



Table 2
Analysis of variance.

Variant Koefisien F-Value DF p-value

X0 4.0060034
X1 �1.303380 0.580662 1 0.474931
X12 �0.835281 0.000005 1 0.998335
X2 0.7620117 0.558880 1 0.482971
X22 0.7475829 0.697694 1 0.435552
X3 �0.488769 0.004157 1 0.950685
X32 �0.476371 0.226929 1 0.650662
X1 X2 �0.447700 1.698812 1 0.240220
X1 X3 0.002175 0.000000 1 1.000000
X2 X3 0.000000 0.238895 1 0.642355
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3.1. ANOVA test and development of mathematical models

Y¼ b0 þ
X3
i¼1

bi Xi þ
X3
i¼1

bii X
2
i þ……

X
i< j

bij XiXj (2a)

Analysis of Variance (ANOVA) is used to analyze acidity as
shown in Table 2. The significance of each factor in Table 2 is tested
using the F-value and p-value. A high F-value and a p-value <0.05
indicate that the variable significantly influences the observed
response. F-value shows the ratio between MSF (Mean Square of
Factor) and MSE (Mean Squares of error). The effects of operating
variables can be seen in Table 2.

The objective function of the results of this test is used to
determine the optimal value of the concentration of acid (�1),
temperature of dealumination (X2) and time of dealumination
(X3). The relationship between operating variables to the acidity
response can be expressed in a 2nd order polynomial mathematical
equation based on the following equation:

Acidity¼4:0060034�1:30338X1 �0:835281X2
1

þ0:7620117X2 þ0:7475829X2
2 �0:488769X3

� 0:476371X2
3 �0:4477X1X2 þ0:002175X1X3

The selection of order can be determined by looking at the value
of the coefficient of determination, where the model with the
highest efficiency of determination is the recommended model. In
Fig. 7. Effect of Dealuminated Zeolite Y Ac
this study, the coefficient of determination value (R2) for the 2nd
order polynomial mathematical equation has a value of 0.40201.
3.2. Effect of zeolite Y Acidity on Glycerol Monostearate yield

The yield of glycerol monostearate was obtained by analyzing
GC-MS where only zeolites Y with the highest acidity were
sampled. The 2 samples with the highest acidity values of zeolite Y
for GC-MS testing are shown in Table 1.

Fig. 7 showed that in terms of Total Acidity and Surface Acidity
have the same phenomenon that is the higher the acidity of zeo-
lites, the higher the Glycerol Monosterate yield obtained. Increased
acidity is caused by an increase in the Si/Al ratio and the dissolution
of CaO impurities. Increased Si/Al ratio can cause increased activity
of the catalyst. Increased catalyst activity is useful in reducing the
activation energy of the reaction of a compound. This is what
causes the conversion of glycerol to glycerol monostearate to in-
crease. Compared to previous studies it was found that ZSM-5
catalyst has a higher acidity value than zeolite Y so that the yield
of Glycerol Monostearate is higher with the use of ZSM-5 than
Zeolite Y (Anggoro et al., 2019).
4. Conclusions

This study showed the optimization of the dealuminated Zeolite
Y catalyst using statistica 10 software, where the variables used in
the dealumination process are acid concentration, dealumination
temperature and dealumination time. GC-MS test was carried out
on 2 samples zeolite Y catalyst with the highest value of total and
surface acidity of zeolite Y which produced 2.18% and 4% yield of
Glycerol Monostearate. The two samples showed that the greater
the acidity, the GMS yield was also greater. This results showed that
the use of Zeolite Y carried out lower of Glycerol Monostearate yield
compared to the use of ZSM-5 catalyst in previous study. This is due
to the fact that zeolite Y has a low total and surface acidity value so
that the catalyst capability to synthesize glycerol to Glycerol
Monostearate is also low. Therefore, further research is needed on
the use of ZSM-5 catalysts for synthesis of Glycerol Monostearate
with different operating conditions.
idity on Glycerol Monostearate yield.
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